Nitric oxide (NO) is an important signaling molecule associated with many 38 biochemical and physiological processes in plants under stressful conditions. 39 Nitrate reductase (NR) not only mediates the reduction of NO 3¯ to NO 2¯ but also 40 reduces NO 2¯ to NO, a relevant pathway for NO production in higher plants. 41 Herein, we hypothesized that sugarcane plants supplied with more NO 3¯ as a 42 source of N would produce more NO under water deficit. Such NO would 43 reduce oxidative damage and favor photosynthetic metabolism and growth 44 under water limiting conditions. Sugarcane plants were grown in nutrient 45 solution and received the same amount of nitrogen, with varying 46 nitrate:ammonium ratios (100:0 and 70:30). Plants were then grown under well-47 watered or water deficit conditions, in which the osmotic potential of nutrient 48 solution was -0.15 and -0.75 MPa, respectively. Under water deficit, plants 49 exhibited higher root [NO 3¯] and [NO 2¯] when supplied with 100% NO 3¯.
• Nitrate supply stimulated nitrate reductase activity and NO synthesis in 25 sugarcane roots facing water deficit. Nitric oxide (NO) is a diatomic radical gas and important signaling 69 molecule in animals (Bogdan, 2015) , fungi (Canovas et al., 2016) , bacteria 70 (Crane et al., 2010) and plants (Mur et al., 2013) . In plants, increasing evidence 71 indicates NO as a key component of the signaling network, controlling 72 numerous physiological and metabolic processes such as seed germination 73 (Albertos et al., 2015) , flowering (He et al., 2004) , root growth (Fernandez-74 Marcos et al., 2011 ), respiration, stomatal conductance (Moreau et al., 2010 75 Wang et al., 2015) and adaptive responses to biotic and abiotic stresses (Shan 76 et al., 2015; Fatma, et al., 2016) . 77 NO synthesis is increased in plants under drought and its role in 78 promoting adaptive responses to cope with water deficit has been suggested 79 (Cai et al., 2015; Silveira et al., 2017a) . NO and NO-derived molecules play a 80 critical role in intracellular redox signaling and in the activation of antioxidant 81 defense mechanisms (Shi et al., 2014; Hatamzadeh et al., 2015; Silveira et al., 82 2015) . For example, NO supply conferred drought tolerance to wheat seedlings, 83 reducing membrane damage (Garcia-Mata and Lamattina, 2001) . Spraying S-84 nitrosogluthatione (GSNO) -a NO donor -on sugarcane plants resulted in 85 higher photosynthesis under drought, promoting plant growth under stressful 86 condition (Silveira et al., 2016) . 87 The protective action of exogenous NO donors has been attributed to the 88 elimination of superoxide (O 2 •-) and enhancement of the antioxidant system in 89 sugarcane plants under drought (Silveira et al., 2017b) . In addition, one of the 90 main downstream effects of NO is the post-translational regulation involving 91 thiols (Hancock and Neill, 2019) . S-nitrosylation is a redox modification 92 consisting in the reversible attachment of NO to the thiol group of a cysteine 93 residue in a target protein leading to the formation S-nitrosothiols (SNOs) 94 (Astier et al., 2012; Fancy et al., 2016) . Then, S-nitrosylation may cause a plants (Hancock and Neill, 2014; Santolini et al., 2017; Hancock and Neill, 106 2019) . NO production in plant species and under diverse biological conditions 107 point to the co-existence of multiple pathways, likely functioning in distinct 108 tissues/organs and subcellular compartments (León and Costa-Broséta, 2019) . 109 One of the most important pathways for NO production in land plants is 110 through nitrate reductase (NR) (Gupta et al., 2011; Fancy et al., 2016; Chamizo-111 inhibitor, suggesting its role in NO synthesis. In rice roots, NO production 116 through NR was increased in response to NO 3¯ supply (Sun et al., 2015) . 117 Furthermore, low NO production by Physcomitrella patens occurred when 118 plants received a NR inhibitor (Andrés et al., 2015) . Although there are data 119 supporting the association between NR activity and NO production in plants 120 (Mur et al., 2013) , some authors have argued that NO production through NR 121 represents only a small fraction (1-2%) of total NO 3¯ reduction (Yamasaki et al., 122 1999; Rockel et al., 2002) supply has been shown to increase the tolerance to abiotic stresses in maize 135 (Rios-Gonzalez et al., 2002; Zhang et al., 2012 ), wheat (Speer et al., 1994 , pea 136 (Frechilla et al., 2001) , Populus simonii (Meng et al., 2016) Measurements were taken at the maximum water deficit (7 th day), and four days 216 after returning plants to the control condition (recovery period, 11 th day). Relative water content and photosynthesis 457 458 A significant reduction in leaf relative water content was found under 459 water deficit, as compared to well-watered conditions (Fig. 1d) . The relative 460 chlorophyll content was also reduced at the maximum water deficit, with no 461 differences induced by NO 3 supply (data not shown). Low water availability 462 also caused a large reduction in leaf CO 2 assimilation (A n ); however, plants 463 supplied with more NO 3 exhibited higher photosynthetic rates than those under 464 NO 3 -:NH 4 + 70:30 (Fig. 1a ). In addition, those plants showed a faster recovery of 465 A n when compared to ones receiving 70% NO 3 - (Fig. 1a) . Similar results were 466 found for stomatal conductance (Fig. 1b) and effective quantum efficiency of 467 PSII (Fig. 1b,c) . We did not observe any significant difference among 468 treatments for the PEPC abundance and activity at maximum water deficit 469 16 (Suppl. Fig. S1a,c) . However, both Rubisco abundance and activity were 470 decreased under water deficit, regardless of the variation in NO 3 supply (Suppl. 471 Fig. S1b,d (Fig. 2a ). Root [NO 3 -] was significantly higher in plants supplied with 478 100% NO 3 and subjected to water deficit (Fig. 2b) . While leaf [NO 2 -] did not 479 vary among treatments (Fig. 2c) , we found the highest root in plants 480 supplied with 100% NO 3 under water deficit (Fig. 2d ). We did not find 481 significant changes in leaf and root [NH 4 + ] due to NO 3 supply, regardless the 482 water regime ( Fig. 2e,f Under low water availability, nitrate reductase (NR) activity was higher in 489 plants supplied with 100% NO 3 than those receiving 70% NO 3 -, regardless the 490 plant organ (Fig. 3a,b ). While we did not notice differences among treatments 491 for leaf NR activity during the recovery period, root NR activity was higher under 492 water deficit (Fig. 3b ). Under water deficit, plants supplied with 100% NO 3 -493 showed higher root GSNOR activity than those under 70% NO 3 - (Fig. 3d ). Non-494 significant differences were found in leaf SNO concentration while varying NO 3 -495 supply (Fig. 3e) . However, the lowest root S-nitrosothiols (SNO) concentration 496 was observed in plants supplied with 100% NO 3 under water deficit (Fig. 3f ). (Fig. 4e,f) . 506 At the maximum water deficit, the highest superoxide dismutase (SOD) 507 activity was observed in roots supplied with 100% NO 3 - (Fig. 5b) , with no 508 differences in leaf SOD activity due to changes in NO 3 supply (Fig. 5a ). Root 509 catalase activity was not changed by NO 3 supply and water deficit (Fig. 5f ), but 510 plants supplied with 100% NO 3 showed higher leaf catalase and root ascorbate 511 peroxidase activities under water deficit (Fig. 5e,d) . When plants were facing low water availability, the intracellular NO was 516 increased in both leaves and roots (Fig. 6 ). However, roots receiving 100% 517 NO 3 exhibited higher NO production than those supplied with 70% NO 3 - (Fig.   518 6b). Such a response did not occur in leaves (Fig. 6a ). The root dry mass of plants supplied with 70% NO 3 was significantly 523 reduced under water deficit (Fig. 7b ). In addition, the lowest values for shoot dry 524 mass ( Fig. 7a ) and leaf area (Fig. 7c) was reduced in leaves and roots (Fig. 8a,b ) and plants showed lower 532 photosynthetic rates and stomatal conductance under water deficit as compared 533 to ones not sprayed with cPTIO ( Fig. 9a,b ). As found in experiment I, plants 534 presented decreases in root dry mass due to water deficit when cPTIO was 535 sprayed (Fig. 9d; Suppl. Fig. S2 ). (Fig. 2b) , which caused higher NO 2¯ production when compared to 547 roots exposed to 70% NO 3¯ and 30% NH 4 + (Fig. 2b,d ). Such findings are 548 supported by higher root nitrate reductase activity (Fig. 3b ), which reduces NO 3¯ 549 to NO 2¯ during the N assimilation pathway (Heidari et al., 2011) . As an 550 alternative reaction, nitrate reductase may also reduce NO 2¯ to NO (Fancy et 551 al., 2016). In fact, the highest NO synthesis was found in roots under water 552 deficit and supplied with only NO 3¯ (Fig. 6b) (Lázaro et al., 2013) . Here, we observed higher 567 superoxide dismutase activity in roots under water deficit and supplied with 568 100% NO 3¯ (Fig. 5b) , with root [O 2
•− ] remaining similar among treatments ( Fig.   569 4b). Interestingly, there was lower O 2 •− accumulation in leaves under water 570 deficit and supplied with only NO 3¯ (Fig. 4a) , even with superoxide dismutase 571 19 showing similar activity to the one found in plants supplied with 70% NO 3¯ and 572 30% NH 4 + (Fig. 5a ). As a possible explanation, such low leaf [O 2
•− ] may be 573 related to the interaction of this radical with NO, which generates peroxynitrite 574 (ONOO -) and adds a nitro group to tyrosine residues -a process known as 575 tyrosine nitration (Begara-Morales et al., 2014; Wullf et al., 2009) . Although 576 tyrosine nitration was originally considered as indicative of stress conditions, 577 recent evidence suggests its role in cell signaling (Mengel et al., 2013) . 578 Root [H 2 O 2 ] was lower in plants under water deficit that received 100% 579 NO 3¯ as compared to ones supplied with 70% NO 3¯ and 30% NH 4 + (Fig. 4d) , 580 indicating an efficient detoxification through increased root ascorbate 581 peroxidase activity (Fig. 5d ). In fact, the activation of antioxidant mechanisms to 582 maintain ROS homeostasis often involves NO (Hatamzadeh et al., 2015; 583 Silveira et al., 2015) . Higher superoxide dismutase and ascorbate peroxidase in roots facing 597 water deficit and receiving only NO 3¯ (Fig. 5b,d) (Fig. 4a,d Galisteo et al., 2012; Yu et al., 2012) . 613 Here, we found low accumulation of SNOs and high GSNOR activity in 614 roots under water deficit that received 100% NO 3¯ (Fig. 3f,d 
